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ABSTRACT 



A plurality of transmitting signal tights are supplied 
from a semiconductor laser light source which is modu- 
lated by a current having adjusted amplitude and phase 
injected thereinto in an optical transmitting apparatus. 
The signal lights are modulated in intensity by a plural- 
ity of external modulators, and a time-difference is ap- 
plied among the signal lights. Thus, the signal lights are 
combined to provide a transmitting signal light which is 
propagated through a transmission line. At this time, a 
frequency component having a low transmission speed 
is supplied to the transmission line earlier than a fre- 
quency component having a fast transmission speed in 
compliance with a wavelength dispersion property of 
the transmission line. 

6 Claims, 14 Drawing Sheets 



CLOCK 
GENERATOR 



9- 



VARIABLE 
ATTENUATOR 



201 



11 ~ 



VARIABLE 
DELAY 
CIRCUIT 



! DC 
iCURRENT 
; SOURCE 



202 

6 ADDER 




101 



SEMICONDUCTOR 
LASER 



SIGNAL 




SIGNAL 


SOURCE 




SOURCE 



205- 



14 



PULSE 
WIDTH 
VARYING 
CIRCUIT 
T 



207- 



-13 



-204 



PULSE 
WIDTH 
VARYING 
CIRCUIT 



16 



—15 



—206 



OPTICAL 
MULTIPLEXER 
21 



3 OPTICAL FIBER 

23 AMPLIFIER 



T 
19 

OPTICAL 
COUPLER 




EXTERNAL 
MODULATOR 



EXTERNAL 
MODULATOR 

T 



18 
20 

DELAY CIRCUIT 




r 

32 

OPTICAL 

RECEIVING 

APPARATUS 



-31 

OPTICAL 
TRANSMITTING 
APPARATUS 



U.S. Patent 



Feb. 2, 1993 



Sheet 1 of 14 



5,184,243 





fO 

/ 






o 

CVJ 


to ! 


■ UJ 

5 or 


i 


SI6I 

SOU 




U. 1 


1 






5 a: 






So 


i 




CO 

■ HOD. 
>— ^CVjQ-LUQ- 

J rooa< 



CO 



H<Q. 
roOh-< 



lO 



o 



CO 

o 

CVJ 



Mr 



• ■ I ' 



J. 











EXTEI 
MODUL 




o 
a: 

o 

OLD 
CvJQ 



lO 



U.S. Patent Feb. 2, 1993 sheet 2 of 14 5,184,243 



FIG . 2 A 



CLOCK 201 VOLTAGE 



FREQUENCY VOLTAGE 
MODULATION 202 VUL,/U,t 




RZ 204 VOLTAGE 



AA.AA 



i 1 i 1 l 0 l 1 i 



RZ 205 VOLTAGE ' I- 



^ 



INTENSITY VOLTAGE 
MODULATION 206 VUL IAtoc 



°-H 1 I 1 I 0 I 0 



■ i ■ i ° 



INTENSITY unl TArc . - , 

MODULATION 207 VOLTAGE it 




U.S. Patent 



Feb. 2, 1993 Sheet 3 of 14 5,184,243 



FIG.2B 



OUTPUT 
LIGHT 101 

DIVISIONAL 
LIGHT 103 

DELAYED 
LIGHT 105 



INTENSITY 
MODULATION 
LIGHT 106 



INTENSITY 
MODULATION 
LIGHT 107 



LIGHT 

ELECTRIC 

FIELD 

LIGHT 

ELECTRIC 

FIELD 

LIGHT 

ELECTRIC 

FIELD 



LIGHT 

ELECTRIC 

FIELD 



LIGHT 

ELECTRIC 

FIELD 










Mi 


— ■ 






1 







LIGHT 

TRANSMITTING .JE? 181 ™ 
LIGHT 108 LIGHT 

INTENSITY 



RECEIVING 
LIGHT 109 



LIGHT 
INTENSITY 

LIGHT 
INTENSITY 






U.S. Patent 



Feb. 2, 1993 Sheet 4 of 14 5,184,243 



FIG. 3A 



TRANSMITTING 
SIGNAL WAVEFORM 
(PRIOR TO TRANSMISSION) 




FIG. 3B 



TRANSMITTED SIGNAL 
WAVEFORM AFTER 
100km TRANSMISSION 
WITHOUT PRECHIRP 




FIG. 3C 



TRANSMITTED SIGNAL 
WAVEFORM AFTER 
100 km TRANSMISSION 
IN THE INVENTION 
(WITH PRECHIRP) 




U.S. Patent Feb. 2, 1993 sheet 5 of 14 5,184,243 



FIG. 4 




» i I I _J 1 1 

-28 -24 -20 -16 

RECEIVED POWER ( dBm ) 



U.S. Patent Feb. 2, 1993 Sheet 6 of 14 5,184,243 




U.S. Patent Feb. 2, 1993 Sheet 7 of 14 5,184,243 



FIG . 6A 
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FIG. 9 



INTENSITY 
MODULATION 



>- 
to 

LU 




TIME SLOT 



x 

T 



n o 



PHASE-MODULATION 
BY SEMICONDUCTOR 
ABSORPTION TYPE 
MODULATOR 

± 



CO 

<c 



X 

2 




TRANSMITTING 
LIGHT 802 



FREQUENCY-MODELATED 
LIGHT 801 



U.S. Patent Feb. 2, 1993 Sheet 12 of 14 5,184,243 




FIG. I OB 



AFTER 150 km 
TRANSMISSION 
WITHOUT PRECHIRP 




FIG. IOC 



AFTER 150 km 
TRANSMISSION 
IN THE INVENTION 
(WITH PRECHIRP) 




U.S. Patent 



Feb. 2, 1993 



Sheet 13 of 14 



5,184,243 



FIG. II 




N RECEIVED POWER ( dBm ) 



U.S. Patent 



Feb. 2, 1993 



Sheet 14 of. 14 



5,184,243 




TRANSMISSION LENGTH C km 1 



5,184,243 



10 



OPTICAL TRANSMITTING APPARATUS FOR 
MINIMAL DISPERSION ALONG AN OPTICAL 
FIBER 

FIELD OF THE INVENTION 

This invention relates to an optical transmitting appa- 
ratus, and more particularly to, an optical transmitting 
apparatus adapted to an optical communication system, 
etc. 

BACKGROUND OF THE INVENTION 

In an optical communication system, intensity modu- 
lated signal light is obtained by changing a current 
injected into a semiconductor laser. The intensity mod- 15 
ulated signal light is propagated through an optical fiber 
of a transmission line to be received by a light receiving 
apparatus utilizing a photoelectric conversion element 
such as a PIN diode device, etc. This system which is 
defined "an intensity modulated - direct detection sys- 2 9 
tern" is mainly utilized in the optica] communication 
system. In this optical communication system, it is 
known that quality-degradation of transmitted light 
occurs due to the influence of optical fiber dispersion, 
when light transmission is carried out at a transmission 25 
speed of more than gigabit by using signal light of 1.5 
/xm wavelength band, at which the loss of an optical 
fiber becomes the lowest value. This is explained, for 
instance, in the report of "Long-distance Gigabit-Range 
Optical Fiber Transmission Experiments Employing 3° 
DFB-LD*s and InGaAs-APDV* described in pages of 
1488 to 1497 of "IEEE, Journal of Lightwave Technol- 
ogy, Vol. LT-5, No.10" by M. Shikada et al. 

On the other hand, in an optical heterodyne commu- 
nication system, in which information is regenerated 35 
from beat obtained in accordance with the mixture of 
oscillation light at an optical receiving apparatus receiv- 
ing the information carried on frequency, phase or am- 
plitude of light from an optical transmitting apparatus, 
the influence of optical fiber dispersion is low as com- 40 
pared to an optical communication system using inten- 
sity modulation-direct detection, because there is no 
influence of spectrum extension due to chirping which 
occurs at the time of direct modulation of a semicon- 
ductor laser. However, it is reported that degradation 45 
occurs in a light transmission of a ultra high speed and 
a long distance, for instance, as explained in "Chromatic 
Dispersion Equalization in an 8 Gb/s 202 km CPSK 
Transmission Experiment" of 17th Conference on Inte- 
grated Optics and Optical Fiber Communication, Post- 50 
deadline Papers 20 PDA- 13" by N. Takachio et al. 

In addition, research of an optical amplifier and a 
direct amplification repeating system using the optical 
amplifiers has been carried out intensively recently for 
instance, as explained in "5 16 km 2.5 Gb/s Optical fiber 55 
Transmission Experiment using 10 Semiconductor 
Laser Amplifiers and Measurement of Jitter Accumula- 
tion" of 17th Conference on Integrated Optics and Op- 
tical Fiber communication, Post -deadline Papers 20 
PDA-9" by S. Yamamoto et al. 60 

In such direct amplification repeating systems, it is 
expected that a light transmission of a ultra long dis- 
tance will be realized, because the transmission distance 
can be extended by compensating the loss of signal 
light. 65 

As understood from the above, signal light is subject 
to the loss of a power and the distortion of waveform 
due to the influence of optical fiber dispersion. Thus, a 



signal light transmission distance is limited by the 
power loss and the influence of dispersion. In a high 
speed transmission of more than several Gb/s, the dis- 
tance is mainly limited by the influence of dispersion, 
prior to the consideration of the limitation due to the 
power loss, because the extension of spectrum exists in 
signal light due to modulation thereof to increase the 
influence of dispersion. On the other hand, in a ultra 
long distance transmission using optical amplifiers as 
amplifying repeaters, the distance is limited by the influ- 
ence of dispersion, although the limitation of a power 
loss is compensated by the optical amplifiers. 

Dispersion of an optical fiber is caused by the differ- 
ence of times, in which signal lights having different 
frequencies supplied to an input terminal of the optical 
fiber are propagated therethrough. Therefore, if the 
extension of spectrum exists in the signal lights, wave- 
forms of the- signal lights are distorted through the 
transmission thereof. For instance, when signal lights of 
1.5 jim band are propagated through a zero-dispersion 
optical fiber of 1.3 ptm band, a short wavelength compo- 
nent of the signal lights (a high frequency signal compo- 
nent) has a high transmission speed, while a long wave- 
length component of the signal light (a low frequency 
signal component) has a low transmission speed. There- 
fore, the high frequency signal component is converged 
at the front portion of a transmitted pulse, and the low 
frequency signal component is converged at the rear 
portion thereof. As a result, the transmitted pulse is 
subject to the distortion of waveform, so that the dis- 
crimination of symbols such as mark and space tends to 
be impossible. 

A method for compensating the waveform distorsion 
resulted from the aforementioned dispersion is pro- 
posed by "Dispersion Compensation by Active Predis- 
torted Signal Synthesis*' described on pages 800 to 805 
of "IEEE, Journal of Lightwave Technology, Vol. 
LT-3, No. 4" by T.L. Koch et al. In this method, light 
emitted from a semiconductor laser is modulated in 
frequency, and the frequency-modulated light is modu- 
lated in intensity by an ideal external modulator of LiN- 
b03, so that signal light is predistorted to be low in 
frequency at the front portion of one pulse and high in 
frequency at the rear portion thereof. Then, the predis- 
torted signal light is propagated through an optical 
fiber. Consequently, it is reported that an extended 
amount of a pulse width is decreased in the transmitted 
signal light pulse. 

The ideal external modulator is a modulator which 
applies only intensity-modulation to input light. Such an 
ideal external modulation is realized by an external ' 
modulator of LiNbbj. In fact, however, this LiNbOa 
modulator provides undesirable phase-modulation si- 
multaneously with intensity-modulation due to the exis- 
tence of an asymmetrical electrode structure. Even in a 
semiconductor absorption type modulator which is 
expected to be integrated with a semiconductor laser, 
undesirable phase-modulation is generated together 
with intensity modulation, as explained in "Frequency 
Chirping in External Modulators" described on pages 
87 to 93 of "IEEE, Journal of Lightwave Technology, 
Vol. 6, No. 1, Jan. 1988" by F. Koyama et al. In accor- 
dance with the undesirable phase modulation, one of 
two phenomenons, in which an extended amount of a 
transmitted pulse width is increased or decreased is 
found. In the former LiNb03 modulator, the extended 
amount can be decreased, as explained in "10 Gb/s 
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Transmission in Large-Dispersion Fiber Using a Ti:- means for providing a time difference among the n 

LiNb03 Mach-Zehnder Modulator" described on pages intensity-modulated lights; and 

208 and 209 of "Technical digest of 17th International means for combining the n intensity-modulated lights 
Conference on Integrated Optics and Optical Fiber to be propagated through a transmission line; 
Communication, Vol. 3, Kobe, Japan 1989" by T. 5 wherein the adjusting means adjusts the amplitude 
Okiyama et al. The latter semiconductor modulator is and the phase of the clock signali so that the n intensity- 
known to increase the extended amount. modulated lights are supplied to the transmission line in 
A method in which output light of a semiconductor a ti m e-order of frequency components having slow to 
laser is modulated m frequency, and the frequency- fast transmission speeds in compliance with a wave- 

FSSS? . 6 , 15 f ?u V^ nS,ty ^ "J, r 10 teas* dispersion property of the transmission line; and 
L.N0O3 external modulator, so that the modulated hght ^ e £ di means is provided at position selected 

SKS^^^r ° P !? t K » Pr -' from positions between ^dividing means and a corre- 
chirp method hereinafter, and the transmitting wave is T- r *u * i , , . , , , 

defined "prechirp wave" hereinafter. fP° ndmg ° nC f the eXte ™? modu ^ ors betw «* 

However, this prechirp method has a disadvantage in 15 the . responding one and the combining means, 
that it is difficult to be adapted to an NRZ format, in . ** » ^ansmittmg apparatus according ; to this 

which a pulse width is not constant to be more than one "ventian, it is considered that frequency-modulated 
time slot, although it can be adapted to codes such as a u * h ? 15 obtain ed by modulating a current injected into a 
RZ format, in which a pulse width is constant to be less semiconductor laser by a signal equal to a period of a 
than one time slot, because frequency-shift of one direc- 20 clock SI £ na1 ' 311(3 the frequency-modulated light is mod- 
tion is carried out within one pulse. In this connection, ulated m intensity to be propagated through an optical 
a RZ format has a disadvantage in that a signal band is fiber b V 3X1 external modulator. At this time, it is set that 
extended, and the influence of dispersion is large, be- a P u J se has a low frequency component of a low trans- 
cause the RZ format utilizes a signal having a narrow mission speed at the front portion thereof, and a high 
pulse width as compared to the NRZ format. 25 frequency component of a high transmission speed at 

The prechirp method has a further disadvantage in the rear portion thereof. Such a transmitting wave is 
that the size is large, and the cost is high, when a LiN- defined "prechirp wave", as described before. There- 
in modulator is used, because the LiNbC>3 modulator fore, a permissible dispersion amount of a transmission 
is large in size and high in cost as compared to a semi- line, above which distortion occurs in a transmitted 
conductor electro-absorption modulator which can be 30 pulse, becomes larger than that in an ordinary transmis- 
integrated with a semiconductor laser to provide a sion having no frequency-modulated. Furthermore, 
small-sized transmitting apparatus. when frequency-shift of the frequency-modulated light 

The prechirp method has a still further disadvantage emitted from the semiconductor laser has approxi- 
in that an extended amount of a pulse width is large in mately linear frequency-change in a pulse, the permissi- 
a transmitted pulse due to the generation of undesirable 35 ble dispersion amount becomes the maximum value, and 
phase-modulation, when an external modulator having an optimum frequency-shift amount changes dependent 
a property of generating phase-modulation simulta- upon a pulse width. 

neously with intensity modulation is used. An optimum prechirp wave is easily generated by 

SUMMARY OF THE INVENTION adjusting a phase-difference between a clock signal 

. . . 40 modulating a current injected into a semiconductor 

Accordingly it is an object of this invention to pro- laser ^ a modulated signal. In an NRZ format, how- 
vide an optical transmitting apparatus which can be ever> an optimurn prechirp wave is not obtained by use 
adapted to an NRZ format. of a clock si ^ because a transmission pulse width is 

It is a further object of this invention to provide an one time slot However, if a signal such as an NRZ 
optical transmitting apparatus which can be small m size 45 format having a broad pulse wi * h is ^ a transrmV 

"it H^rVher object of this invention to provide ZS^C" ***** 

an optical transmitting apparatus, in which an extended K 

amount of a transmitted pulse width is small. BRIEF DESCRIPTION OF THE DRAWINGS 

According to this invention, an optical transmitting 50 . A . .„ _ - . , . . 

apparatus, comprises- Thls mve ntion will be explained in more detail in 

a semiconductor laser light source for emitting a C0 ^ ct }°J l w * h a PP^ed drawings, wherein: 
frequency-modulated light by modulating a current FIG 1 ,s a block dla S ram showing an optical trans- 
injected thereinto; *~ " raittmg apparatus in a first preferred embodiment ac- 

a clock signal source for generating a clock signal 55 cording to the invention; 

modulating the injected current; " * FIGS. 2A and 2B are explanatory diagrams showing 

means for adjusting an amplitude and a phase of the waveforms of signals in the first preferred embodiment; 

clock signal; FIGS. 3A to 3C are explanatory diagrams showing 

transmitting signal sources of n in number for gener- waveforms of transmitting and transmitted signal lights 

ating transmitting signals of n in number in synchronous 60 m tne first preferred embodiment; 

with the clock signal, where n is a positive integer; FIG. 4 is a graph showing a bit error rate relative to 

means for dividing the frequency-modulated light a received power in the first preferred embodiment; 
into signal lights of n in number to be propagated FIG. 5 is a block diagram showing an optical trans- 
through light paths of n in number, correspondingly; mitting apparatus in a second preferred embodiment 

external modulators of n in number for modulating in 65 according to the invention; 

intensity the n divided signal lights to provide intensity- FIGS. 6A and 6B are explanatory diagrams showing 

modulated lights of n in number, correspondingly, by waveforms of signals in the second preferred embodi- 

the n transmitting signals; ment; 
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FIG. 7 is a block diagram showing an optical trans- 
mitting apparatus in a third preferred embodiment ac- 
cording to the invention; 

FIG. 8 is a timing chart showing signals in the third 
preferred embodiment; 5 

FIG. 9 is a graph showing a relation between inten- 
sity and phase in the third preferred embodiment; 

FIGS. 10A to IOC are explanatory diagrams showing 
waveforms of transmitting and transmitted signal lights 
in the third preferred embodiment; 10 

FIG. 11 is a graph showing a bit error rate relative to 
a received power in the third preferred embodiment; 
and 

FIG. 12 is a graph showing a dispersion power pen- 
alty dependence on a transmission length in the third 15 
preferred embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows an optical transmitting apparatus in a 20 
first preferred embodiment according to the invention, 
wherein two transmitting signal sources are provided. 
The optical transmitting apparatus 31 is connected 
through an optical fiber 3 to an optical receiving appa- 
ratus 32, and includes a semiconductor laser source 1, 25 
which oscillates with a single vertical mode at a band of 
1.5 u-m as an output device for supplying a frequency- 
modulated light obtained by modulating a current in- 
jected thereinto. An adder 6 for adding a bias current 
supplied from a direct current source 4 to a frequency- 30 
modulated signal 202 supplied from an adjusting circuit . 
consisting of a variable attenuator* 9 and a variable delay 
circuit 11, which adjust an amplitude and an phase of a 
clock signal 201 supplied from a clock generator 8, is 
connected to the semiconductor laser 1, from which an 35 
output light of a frequency-modulated signal coupled to 
an input terminal of an optical coupler 19 is emitted. 
The optical coupler 19 divides the signal light 101 into 
first and second divisional lights 103 and 104. First and 
second signal sources 13 and 14 corresponding to the 40 
first and second divisional lights 103 and 104 are pro- 
vided to generate 5 Gb/s RZ signals 204 and 205 in 
synchronous with a clock signal supplied from the 
clock generator 8. A first output terminal of the optical 
coupler 19 is connected to a first external modulator 17 45 
of LiNb03 for modulating the first divisional light 103 
by an intensity-modulated signal 206 which is generated 
in a pulse width varying circuit 15 in accordance with 
the receipt of a R2 signal 204 supplied from the first 
signal source 13- A second output terminal of the opti- 50 
cal coupler 19 is connected through an optical delay 
circuit 20 for delaying the second divisional light 104 to 
provide a delayed light 105 to a second external modu- 
lator 18 of LiNb03 for modulating the delayed light 105 
by an intensity-modulation signal 207 which is gener- 55 
ated in a pulse width varying circuit 16 in accordance 
with the receipt of a RZ signal 205 supplied from the 
second signal source 14. The first and second external 
modulators 17 and 18 are connected to a polarized mul- 
tiplexer 21, so that intensity-modulated lights 106 and 60 
107 are supplied to the polarized multiplexer 21, from 
which a transmitting light 108 is supplied to the optical 
fiber 3 having zero-dispersion wavelength at a 1.3 jim 
band. The optical receiving apparatus 32 includes an 
avalanche photodiode 22 as a photoelectric conversion 65 
element for receiving a transmitted signal light 109 to 
provide an electric signal, and an amplifier for amplify- 
ing the electric signal to provide an information signal. 



In operation, the RZ signals 204 and 205 are supplied 
from the signal sources 13 and 14 to the pulse width 
varying circuits 15 and 16, in which the RZ signals 204 
and 205 are controlled to provide the intensity- 
modulated signals 206 and 207 having a phase difference 
of J time-slot, such that a width of a pulse is a half time 
one time-slot, as shown in FIG. 2. The variable delay 
circuit 11 delays the clock signal 201 to provide a fre- 
quency-modulated signal 202 having an adjustable 
phase difference relative to the intensity-modulated 
-signals 206 and 207, so that the intensity-modulated 
signals 106 and 107 generated in the external modulators 
17 and 18 have a low frequency component at a rising 
portion of a mark signal and a high frequency compo- 
nent at a falling portion thereof. In the polarized multi- 
plexer 21, optical multiplexing having no loss can be 
carried out, so that an optical transmitting power of +2 
dBm, which is larger than an optical transmitting power 
of — 1 dBm obtained by use of an ordinary optical 
power combining coupler of 1:1 by 3 dB, is realized. 
Although the use of the 1:1 optical power combining 
coupler results in interference between symbols of two 
intensity-modulated signal lights, when the intensity- 
modulated signal lights 106 and 107 are supplied at the 
same time, the use of the polarized multiplexing coupler 
21 provides no interference between the intensity- 
modulated signal lights 106 and 107. In FIGS. 2 A and 
2B, optical electric fields of the output light 101 of the 
semiconductor laser 1, the divisional light 103, the de- 
layed light 105 of the divisional light 104, and the inten- 
sity-modulated signal lights 106 and 107 are shown, and 
light intensities of the transmitting signal light 108 and 
the transmitted signal light 109 are shown. 

In this first preferred embodiment, an experiment was 
carried out. In a preparatory experiment using no appa- 
ratus of this first preferred embodiment, a transmission 
of an NRZ signal of 10 Gb/s which is the same bit rate 
as the aforementioned bit rate is carried out. In this 
transmission, an approximately 1 dB dispersion degra- 
dation power penalty occurred as a result of approxi- 
mately 50 km transmission through an ordinary disper- 
sion optical fiber having zero-dispersion at a wave- 
length of 1.3 jim. Then, in a transmission experiment 
using the optical transmitting apparatus 31 in this first 
preferred embodiment, two signal trains of 5 Gb/s are 
multiplexed. As a result, waveforms of transmitted sig- 
nals as shown in FIG. 3B and 3C are obtained in a 
transmission length of 100 km, while FIG. 3A shows a 
waveform of a transmitting signal. In case of using no 
apparatus of this first preferred embodiment, a signifi- 
cant interference of codes occurs. On the other hand, in 
using the apparatus of this first preferred embodiment, 
the distortion is found to be small in the waveform of 
the signal transmitted by a transmission length of 100 
km. 

FIG. 4 shows a bit error rate of codes in the signals 
transmitted by a transmission length of 100 km. It is 
clearly shown therein that approximately 0.2 dB degra- 
dation is only observed to provide a satisfactory signal 
receiving at an error rate of 10~ 9 - 

FIG. 5 shows an optical transmitting apparatus in the 
second preferred embodiment according to the inven- 
tion. In this second preferred embodiment, two trans- 
mitting signal sources are provided. The optical trans- 
mitting apparatus 31 is connected through an optical 
fiber 3 to an optical receiving apparatus 32. Two semi- 
conductor laser sources 1 and 2 which oscillate with a 
single vertical mode at a band of 1.5 fim to provide 
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frequency-modulated lights by modulating currents 
injected thereinto are provided with added signals be- 
tween a corresponding one of frequency-modulation 
signals 202 and 203 and a corresponding one of bias 
signals supplied from bias direct current sources 4 and 5. 
The frequency-modulated signals 202 and 203 are ob- 
tained in adjusting circuits, one of which consists of a 
variable attenuator 9 and a variable delay circuit 11, the 
other consists of a variable attenuator 10 and a variable 
delay circuit 12. The adjusting circuits are supplied with 
a 5 GHz clock signal 201 of a sine-wave from a clock 
generator 8, so that the frequency-modulated signals 
202 and 203 having a predetermined phase relation are 
supplied to the adders 6 and 7 generating the added 
signals supplied to the semiconductor lasers 1 and 2, 
respectively. Output lights 101 and 102 which are mod- 
ulated in frequency by the frequency-modulation sig- 
nals 202 and 203 are supplied from the semiconductor 
laser 1 and 2. Two transmitting signal sources 13 and 14 
generates RZ signals 204 and 205 of 5 Gb/s in synchro- 
nous with the clock signal of 5GHz supplied from the 
clock generator 8. The output lights 101 and 102 are 
modulated in intensity in external modulators 17 and 18 
of LiNb03 by intensity-modulated signals 206 and 207 
supplied from pulse width varying circuits 15 and 16 25 
receiving the RZ signals 204 and 205 from the transmit- 
ting signal sources 13 and 14. As a result, intensity- 
modulated signals 106 and 107 are supplied to an optical 
multiplexer 21, so that the intensity-modulated signals 
106 and 107 are multiplexed in time-division to be sup- 
plied as a polarized multiplexed transmitting signal light 
108 coupled to an input terminal of an optical fiber 3 
having zero-dispersion at a band of 1.3 urn. The trans- 
mitting signal light 108 is propagated through the opti- 
cal fiber 3 to be a transmitted signal light 109 which is 
received by the optical receiving apparatus 32. In the 
receiving apparatus 32, an avalanche photodiode 22 
converts the signal light 109 into an electric signal 
which is then amplified by an amplifier 23, so that infor- 
mation signal is obtained. 

FIGS. 6A and 6B show the above described signals, 
and operation of the principal portions in this second 
preferred embodiment will be explained. The pulse 
width varying circuits 15 and 16 control the RZ signals 
204 and 205, so that a phase difference of the intensity- 
modulated signals 206 and 207 is \ time-slot, and a width 
of a pulse is a half time one time-slot. The variable delay 
circuits 11 and 12 control the clock signals attenuated 
by the variable attenuators 9 and 10 to adjust phase 
differences between a corresponding one of the fre- 
quency-modulated signals 202 and 203 and a corre- 
sponding one of the intensity modulated signals 206 and 
207, so that each of the intensity-modulated signal lights 
106 and 107 supplied from the external modulators 17 
and 18 has a low frequency component at a rising por- 
tion of a mark signal and a high frequency component at 
a falling portion thereof. The polarized multiplexer 21 
provides optical multiplexing having no loss, so that an 
optical transmitting power of +2 dBm is obtained. In a 
transmission experiment, it was confirmed that a disper- 
sion degradation power penalty of approximately 0.2 
dB which is almost the same result as in the first pre- 
ferred embodiment was only observed in a transmission 
of 10 Gb/s and 100 km. 

FIG. 7 shows an optical transmitting apparatus in the 
third preferred embodiment according to the invention. 
In an optical transmitting apparatus 711, a clock signal 
of a sine, wave having a frequency of 5 GHz is supplied 
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from a clock generator 705. The clock signal is delayed 
and attenuated by a variable delay and attenuating cir- 
cuit 706, and an addition between the clock signal thus 
delayed and attenuated and a bias direct current sup- 
plied from a direct current source 704 is carried out in 
an adder 707. The added signal is injected to a semicon- 
ductor laser 801, so that the semiconductor laser 801 
oscillates with a single vertical mode at a band of 1.5 urn 
to emit a frequency modulated light 801. This optical 
light 801 is modulated in intensity by a semiconductor 
electro-absorption optical modulator 709 receiving a 
modulation signal from a signal source 708. A transmit- 
ting light 802 thus obtained is propagated through an 
optical fiber 702 of normal dispersion having zero-dis- 
persion at a band of 1.3 ftm to be received as a transmit- 
ted light 803 by an optical receiving apparatus 712. In 
the optical receiving apparatus 712, the received light 
803 is converted into an electric signal by an avalanche 
photodiode 703, and the electric signal is amplified to 
provide information signal by an amplifier 710. 

FIG. 8 shows phase relations of the clock signal, the 
frequency-modulated signal light 801 and the RZ signal 
supplied from the signal source 708. As apparent from 
the phase relations, the frequency-modulated signal 
light 801 is low in frequency at a rising portion of a 
mark, and high in frequency at a falling portion thereof. 
This is realized by adjusting a delay amount of the vari- 
able delay and attenuating circuit 706. 

FIG. 9 shows phases of the frequency-modulated 
signal light 801, and the transmitting light 802 at the 
time of a mark. The signal light 801 emitted from the 
semiconductor laser 701 is modulated in intensity by the 
semiconductor electro-absorption modulator 709. Si- 
multaneously, the signal "light 801 is subject to undesir- 
able phase-modulated caused by the semiconductor 
electro-absorption modulator 709. This phase-modula- 
tion is proportional to a logarithm of the intensity mod- 
ulated component, and becomes a convex shape extend- 
ing upwardly direction in one time-slot. On the other 
hand, the signal light 801 modulated in frequency by the 
clock signal is modulated in phase to have a convex 
shape extending downwardly. The shift amount of this 
phase-modulated changes dependent upon the degree of 
frequency-modulated. In this case, an optimum prechirp 
state corresponds to a phase of the transmitting signal 
light 802. Thus, the phase of the transmitting signal light 
802 is controlled to be in the optimum prechirp state by 
adjusting the phase shift amount of the signal light 801 
of the frequency modulated. 

In the third preferred embodiment, an experiment 
using the optical transmitting apparatus was carried out. 
In a preparatory experiment, a transmission using the 
RZ signal of 5 Gb/s which is the same bit rate as in the 
third preferred embodiment was carried out by using an 
ideal external modulator of LiNbCb. As a result, an 
approximately 1 dB dispersion degradation power pen- 
alty was observed after a transmission of approximately 
ISO km using a normal dispersion optical fiber having 
zero-dispersion at a band of 1.3 /xm. On the other hand, 
the semiconductor electro-absorption external modula- 
tor was used for an external modulator, and the variable 
delay and attenuating circuit 706 was adjusted to pro- 
vide predetermined delay and attenuation amounts in 
the experiment using the third preferred embodiment. 
The result of this experiment is shown in FIG. 10. 

In FIG. 10, waveforms of a transmitting signal light 
(prior to a transmission), a transmitted signal light in 
case of no prechirp after 150 km transmission, and a 
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transmitted signal light in case of prechirp after 150 km 
transmission are shown. As apparent from this result, it 
was observed that the waveform of the transmitted 
signal light which is the same as that of the transmitting 
signal light was obtained in case of prechirp, although 
the waveform was distorted in case of no prechirp due 
to a significant interference among symbols. 

FIG. 11 shows bit error rate characteristics in case of 
prechirp and no prechirp. As apparent from the bit 
error rate, a degradation amount after 150 km transmis- 
sion is suppressed to be 0.6 dB in case of prechirp. 

FIG. 12 shows a dispersion power penalty depen- 
dence on a transmission length. In addition to the exper- 
iment of 150 km, a transmission experiment of 100 km 
and 200 km was carried out. From the result of these 
experiments, it was confirmed that the almost same 
degradation as the degradation of 1 dB in the 180 km 
transmission using the ideal modulator of LiNbC>3 was 
obtained by adjusting the delay and attenuation 
amounts of the variable delay and attenuating circuit 20 
706, even if the semiconductor electro-absorption mod- 
ulator was used. 

Although the preferred embodiments are explained 
above, the invention may be modified in another pre- 
ferred embodiment. In the first preferred embodiment, 
for instance, the light source of a 1.5 ftm band may be 
replaced by a light source of a 1.3 ptm band, and another 
wavelength band. An optical amplifier may be provided 
to compensate the loss of light intensity in the division 
or an output light supplied from the light source. The 30 
external modulator of L1NDO3 may be replaced by a 
semiconductor external modulator. The light delay may 
be carried out between the external modulator and the 
multiplexer, and at both places between the optical 
coupler and the external modulator and between the 35 
external modulator and the multiplexer. The bit rate is 
not limited to 5 Gb/s, but to 2 Gb/s, 10 Gb/s, etc. 
sine-wave for frequency-modulated of an output light 
emitted from the semiconductor laser light source may 
be replaced by a saw-tooth waveform, a triangle wave- 40 
form, etc. The transmission line may be provided with 
an optical amplifying repeater at predetermined points 
thereof, and is not limited to an optical fiber having 
zero-dispersion wavelength of a 1.3 urn band. The di- 
rect detection may be replaced in the receiving appara- 
tus by a heterodyne detection. 

Similarly, the same modifications may be made in the 
second and third preferred embodiments. 

In the third preferred embodiment, especially, the 
semiconductor electro-absorption modulator may be 
replaced by a modulator of LiNb03, and a frequency 
may be changed, if it is times of an integer relative to a 
frequency of the clock signal. Operation of the first to 
third preferred embodiments will be summarized here. 
A transmission line can be longer in theory by the pre- 
chirp method, when a pulse width of one pulse in ex- 
panded to be more than one time-slot, and optical fre- 
quencies are adequately varied in the pulse. However, if 
the pulse width is extended to be more than one time- 
slot, it is impossible to adequately vary optical frequen- 
cies at portions overlapping adjacent pulses. In the first 
preferred embodiment, the transmitting signal light is 
divided into two signal lights to be propagated through 
two optical systems by the optical dividing circuit. In 
each optical system one time-slot is set to be longer that 
one time-slot of the original transmitting signal light. In 
this state, optimum optical frequency variation is set in 
the divided transmitting signal light which are then 
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combined with each other. For instance, when one 
transmitting signal light is divided to be propagated 
through two optical systems, one time-slot can be twice 
as long as one-time-slot of the original signal light at the 
maximum in each optical system. A pulse width of two 
divided transmitting signal light is extended in the 
lengthened time-slot, and optical frequency variation is 
applied- to the two signal lights which are then com- 
bined together. In the first preferred embodiment, an 
optical fiber delay line of a predetermined fixed-length 
is used to provide a time difference between the two 
divided transmitting signal lights. In each optical sys- 
tem, a RZ format having a i time-slot width is used for 
a modulation signal. One of the divided signal lights is 
shifted from the other by J time-slot by use of the opti- 
cal fiber delay line, so that the two signal lights are 
combined to provide an NRZ format signal having a bit 
rate twice that of an original RZ format "signal. This 
NRZ format-transmitting signal light is an optimum 
prechirp wave having the maximum permissible disper- 
sion for a transmitting line. Thus, it is understood that 
an optimum prechirp wave is obtained for a signal such 
as an NRZ format having a pulse width of more than 
one time-slot to provide a large permissible transmission 
line dispersion as compared to a system using a RZ 
format. If the number n of dividing the transmitting 
signal light is more than two (n>2), a pulse width of a 
transmitting signal light can be extended by a width of 
n times the original width. 

In the second preferred embodiment, the same princi- 
ple is used as the first preferred embodiment in that a 
prechirp method is applied to transmitting signal sys- 
tems in which a pulse width having more than one 
time-slot is used, provided that there is a difference that, 
although the optical coupler is used to divide the output 
light from [he semiconductor laser in the first preferred 
embodiment, the separate semiconductor lasers are used 
for the divided optical systems. Therefore, the transmit- 
ting signal light can be large in power by eliminating a 
dividing loss induced in the optical coupler. In addition, 
the optical fiber delay line as used in the first preferred 
embodiment can be eliminated, because the time differ- 
ence between the divided signal lights is provided in 
accordance with the adjustment of phases of the clock 
signal for modulating the semiconductor lasers and the 
modulated signals for modulating the external modula- 
tors. 

In the first and second preferred embodiments, a 
power of the transmitting signal light is expected to be 
increased, because an ideal optical multiplexing having 
no loss can be carried out by the polarized multiplexing 
of lights. In addition, optical interference effect which 
tends to occur in combining the signal lights in the 
optical systems can be suppressed by the orthogonal 
polarized multiplexing, and inter-symbol interference 
resulted from adjacent light pulses can be also sup- 
pressed. 

In the third preferred embodiment, even if a semicon- 
ductor electro-absorption modulator which is not an 
ideal external modulator is used, it is possible to provide 
an ideal prechirp wave, so that the optical transmitting 
apparatus can be small in size, and low in cost. In addi- 
tion, the optical transmitting apparatus can be much 
smaller in size, because the semiconductor electro- 
absorption modulator is integrated with the semicon- 
ductor laser. 

As described before, it is the condition to use an ideal 
modulator providing no phase-modulated, but only 
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intensity-modulated in a frequency-modulation light 
obtained from a semiconductor laser which is modu- 
lated by modulating a current injected thereinto, when 
the aforementioned prechirp wave is generated in the 
optical transmitting apparatus. However, phase- 5 
modulated which is a function of intensity-modulated 
occurs in a transmitting signal light when a modulator 
such as a semiconductor electro-absorption modulator 
generating undesirable phase-modulation along with 
intensity-modulated is used. In the semiconductor elec- 10 
tro-absorption modulator, for instance, this phase- 
modulated component P(t) is expressed in the below 
equation. 

15 

Where a is a physical property of a semiconductor, a 
ratio between a real number portion and an imaginary 2Q 
number portion of a refractive index at the time of oper- 
ation of the modulator, and A(t) is a light absorption 
amount of the modulator. 

This phase variation is a variation, in which no phase- 
shift occurs, when the modulator output is large "mark" 2 5 
(A(t) =1, pass), and a phase-shift occurs, when the 
modulator output is small "space" and is found to occur 
in the same period as intensity-modulation. Therefore, 
even if an ideal external modulator is not used, an ideal 
prechirp wave is obtained by modulating a current 30 
injected into a semiconductor laser. This injected cur- 
rent is modulated to cancel a phase-modulation compo- 
nent induced in a modulator generating undesirable 
phase-modulated in addition to an optimum modulation 
applied to the semiconductor laser. On the other hand, 35 
where an ideal prechirp wave is generated by use of an 
ideal external modulator and an RZ format, frequency- 
modulation which is nearly identical to an optimum 
frequency-shift is carried out in a pulse by using a clock 
signal of a sine-wave. Even in an external modulator 40 
such as a semiconductor electroabsorption modulator 
providing undesirable phase-modulated, a wave similar 
to an ideal prechirp wave is obtained in accordance 
with the adjustment of a frequency-shift amount and the 
way of the frequency-shift in an output signal light 45 
which is realized by varying an amplitude and a phase 
of a sine-wave clock signal. As a result, the aforemen- 
tioned advantages are obtained in the third preferred 
embodiment 

Although the invention has been described with re- 50 
spect to specific embodiment for complete and clear 
disclosure, the appended claims are not to be thus lim- 
ited but are to be construed as embodying all modifica- 
tion and alternative constructions that may occur to one 55 
skilled in the art which fairly fall within the basic teach- 
ing herein set forth. 

What is claimed is: 

1. An optical transmitting apparatus, comprising: 

a semiconductor laser light source for emitting a ^ 

frequency-modulated light; 
a source of injection current; 

a clock signal source for generating a clock signal for 

modulating said injection current; 
means for applying said injection current to said semi- 65 

conductor laser light source for modulating said 

emitted light in accordance with said injection 

current; 
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means for adjusting an amplitude and a phase of said 
clock signal to modify the modulation of said injec- 
tion current; 

n transmitting signal sources for generating n trans- 
mitting signals synchronous with said clock signal, 
where n is a positive integer; 

means for dividing said frequency-modulated light 
into n signal lights propagated through n light 
paths; 

n external modulators coupled to said light paths and 
responsive, respectively, to one of said transmitting 
signals, for modulating in 'intensity said n divided 
signal lights to provide n intensity-modulated lights 
traveling in respective ones of said n light paths; 

means for providing a time difference among said n 
intensity-modulated lights; and 

means for combining said n intensity-modulated 
lights traveling through said light paths; 

wherein said adjusting means adjusts said amplitude 
and said phase of said clock signal, so that said n 
intensity-modulated lights are supplied to said light 
paths in a time-order of frequency components 
having slow to fast transmission speeds in compli- 
ance with a wavelength dispersion property of said 
light paths; and 

said providing means being provided at position se- 
lected from positions between said dividing means 
and a corresponding one of said external modula- 
tors and between said corresponding one and said 
combining means. 

2. An optical transmitting apparatus, according to 
claim 1, wherein: 

said providing means is an optical fiber- having a 
length corresponding to said time-difference. 

3. An optica] transmitting apparatus, according to 
claim 1, wherein n is two; and said combining means is 
a polarized multiplexer. 

4. An optical transmitting apparatus, comprising: 

n semiconductor laser light sources for emitting n 
frequency-modulated lights to travel through n 
light paths, where n is a positive integer; 

n sources of injection current; 

a clock signal source for generating a clock signal for 
modulating said sources of injection current; 

means for applying said injection current to said semi- 
conductor laser light source for modulating said 
emitted light in accordance with said injection 
currents; 

n means for adjusting an amplitude and a phase of said 
clock signal to provide n modulation signals for 
modulating said injected currents; 

n transmitting signal sources for generating n trans- 
mitting signals synchronous with said clock signal; 

n external modulators coupled to said light paths and 
responsive, respectively, to one of said transmitting 
signals, for modulating in intensity said n frequen- 
cy-modulated lights to provide n intensity- 
modulated lights traveling in respective ones of 
said n light paths; and 

means for combining said n intensity-modulated 
lights traveling through said light paths to be prop- 
agated through a transmission line; 

wherein said n adjusting means adjust said amplitude 
and said phase of said clock signal, so that a time 
difference is introduced among said n intensity- 
modulated lights, and wherein said intensity- 
modulated lights are supplied to said transmission 
line in a time-order of frequency components hav- 



ing slow to fast transmission speeds in compliance 
with a wavelength dispersion property of said 
transmission line. 

5. An optical transmitting apparatus, according to 
claim 4, wherein n is two; and said combining means is 
a polarized multiplexer. 

6. An optical transmitting apparatus, comprising: 

a semiconductor laser light source for emitting a 

frequency-modulated light; 
a source of injection current; 

means for applying said injection current to said semi- 
conductor laser light source for modulating said 
emitted light in accordance with said injection 
current; 

an external modulator for modulating said frequency- 
modulated light to produce an intensity-modulated 
transmitting signal light responsive to a transmit- 
ting signal; 
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a clock signal source for generating a clock signal 
having a frequency of n times that of said transmit- 
ting signal, said clock signal modulating said in- 
jected current, where n is an integer; and 
means for adjusting an amplitude and a phase of said 
clock signal; 

wherein said adjusting means adjusts said amplitude 
and said phase of aid clock signal to adjust a fre- 
quency shift amount and a phase of said frequency- 
modulated light, so that an undesirable phase- 
modulation component induced in said intensity- 
modulation of said eternal modulator is compen- 
sated, and said intensity-modulated transmitting 
signal light is supplied to a transmission line in a 
time-order of frequency components having slow 
to fast transmission speeds in compliance with a 
wavelength dispersion property of said transmis- 
sion line.../ 

***** 
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